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The Effect of Processing 
Dispersion of Fat in an 
Cream Mixture 
\i\!M. H. E. REID AND w. K. MOSELEY* 
on the 
Ice 
ABSTRAC'I'.-Processing an ice cream mixture increased its viscosity by in-
creasing the surface area of the fat and by causing clumping of fat globules. 
Clumping of fat globules was due to adso1-ption of the protein out of the liquid 
phase. Processing increased the surface tension by decreasing the size of fat 
globules, decreased the stability of the ice cream, increased smoothness of the 
ice cream, and aided in the control of the freezing process. 
The word processing as used in this bulletin may be defined as 
an attempt to improve or change the ice cream mixture by me-
chanical means. A number of different devices are being used 
with more or less success by the ice cream industry. The protein 
material of the ice cream mixture is dispersed in a too finely divided 
state to be affected. The sugar is dissolved in the mixture. It 
appears then, that processing affects only the fat directly and the 
protein indirectly through the effect on the fat. 
Reid and Scism12t found that reprocessing of an ice cream mix-
. ture improved the body and texture of the ice cream. Reprocessing 
with either the homogenizer or the viscolizer reduced the viscosity. 
The viscosity was reduced more by reprocessing with the homogen-
izer. The maximum viscosity when aged vvas reached between 
72 and 96 hours. 
Evenson and Ferris,7 Mortensen,10 Williams,14 Dahlberg} 
Fisher,8 and Dahle" concur in the opinion that homogenization in-
creases the viscosity of an ice cream mixture, and improves the 
quality of the ice cream. 
Dahlberg and Henning4 sho'w that high viscosity in whipping 
cream is the result of the clumping of fat globules. This correlates 
with a report of Mortensen9 that the increase in viscosity o'f a 
homogenized ice cream mixture is due to the clumping of the fat 
globules . 
. *This experimental work was performed by W. K. Moseley under the direction of Wm. 
H. E . Reid. It was submitted by W. K. Moseley in fulfillment of the thesis requirement for 
the degree of Master of Arts in the University of Missouri. 
tSuperscript numerals refer to the Bibliography, page 15. 
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Clayton2 cites evidence from Weigner and Briggs showing that 
adsorption is the main factor in homogenized emulsions. 
Zoller1 states that the chief factor in maintaining the proper 
yield with the ice cream mixture is that of adhesivity. 
Sherwood and Smallfield13 advanced four theories regarding 
the viscosity of an ice cream mixture; that the increase of viscosity 
is due to (1) the knitting together of the colloidal particles; (2) the 
hydration of the proteins while held at a low ripening temperature; 
(3) enzymatic action; (4) a greater clumping together o'f the fat 
globules during aging, They concluded from their work that the 
increase in viscosity was due to the clumping of fat globules with 
its attending fixation of a part of the serum. They found that the 
cream in some cases increased in viscosity with aging while in 
other cases it did not. The clumps of fat giobules were larger in 
instances where there was an increase in viscosity. Agitation 
caused a reduction in the viscosity of the cream, and at the same 
time, a decided reduction in the size of the fat clumps. 
Dahle and Martin6 found that the greatest viscosity was ob-
tained by using 3,000 pounds pressure on one valve. They reduced 
the viscosity by applying an additional thousand pounds on the 
other valve. They !found from microscopic studies that the second 
valve broke up the clusters of fat globules caused by the first valve. 
Dahlberg and Henning4. found that the surface tension of cream 
decreased as the fat content increased. The greatest changes in 
surface tension occurred from 0 to 20 per cent fat. Aging resulted 
in a decrease .in surface tension in most cases, but aging did not 
affect it in the case of pasteurized milk. 
EXPERIMENT AL 
The composition and also the methods of: processing the differ-
ent mixtures are shown in Table 1. Fat and solids tests were 
made of each mixture. 
TABLE 1.-Composition and Method of Processing Each Mixture. 
Enrnlsified 
Viscolized 
:Homogenized 
Process Fat Serum Solids Total Solids 
10.2 
10.1 
10.0 
10.2 
10.2 
10.0 
34 
34.l 
33.8 
All mixtures were pasteurized at a temperature of 63 degrees 
centigrade and held for a period of thirty minutes. A 55-pound 
batch was then drawn off and cooled! to 3 degrees centigrade to 
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be used as a check sample. The remainder of each mixture was 
processed as indicated in Table 1. 
Five 55-pound batches were emulsified. One was emulsified 
one time; the others, two, three, four and, five times respectively. 
Fifty-five-pound batches taken from the viscolized mixtures were 
processed at pressures varying at intervals of 500 pounds, and 
ranging from 500 to 5000 pounds pressure. The pressures used on 
the ·Gaulin two-stage homogenizer ranged as follows: 1000, 1500-
500, 2000-1000, 2500-1500, 3000-2000, 3500-2500, 4000-3000, 4500-
3500, 5000-4000 pounds on the first and second valves respectively. 
A 55-pound batch was obtained from each o'f: the respective pres-
sures in homogenizing the mixtures. 
Ten samples of each batch were obtained in 0-pint bottles as 
it ran from the cooler for viscosity and surface tension determina-
tions. A different sample was used each clay for a period of ten 
days. Microscopic studies were made the same clay the mixtures 
were processed. Fifty-pound samples of each of the 55-pound 
batches were used in freezing ice cream. Three-quart bricks were 
taken from each sample for scoring, for making hardness determina-
tions, and for determining the effect of temperature on the stability 
of the ice cream. 
A MICROSCOPIC STUDY OF THE EFFECT OF 
PROCESSING ON THE DISPERSION OF FAT 
Samples were taken from all differently processed mixtures to 
be studied under the microscope and photographed. A dilution of 
one c.c. of mixture to 200 c.c. of distilled vvater was ma.de from 
each sample. A drop of this dilution was placed on a slide and 
covered with a cover glass. 
·Figure 1 shows the effect of emulsification on an ice cream 
mixture. Emulsifying a mixture one time resulted in considerable 
decrease in the size o'f: the globules when compared with the un-
processed mixture. Some difference was noted between the re-
emulsified samples, but the difference was not marked . Clumping 
is shown in the sample emulsified four times. (For figures see pages 
16 to 25). 
Figure 2 shows that viscolization has a much greater effect on 
the dispersion of fat than does emulsification. Clumping to a limited 
extent is found in the mixture processed at 500 pounds. It is pro-
nounced at pressures above 3000 pounds. 
The homogenized group (figure 3) differs from the viscolized 
group in that clumping is more extensive at the lower pressures. 
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EFFECT OF PROCESSING AND AGING ON THE 
VISCOSITY OF ICE CREAM MIXTURES 
Ten samples of each differently processed mixture were taken 
for the purpose of determining the effect of processing on viscosity. 
TABI,E 2.-THE VISCOSITY OF MIXTURE PROCESSED WITH EMULSIFIER 
Hours aged [nitial u 48 72 96 120 144 168 192 216 
7 hours 
------------------
Unprocessed 4.94 6.66 7 .39 6 .61 7 .39 6.61 6.27 6 . 16 6.16 6.66 
One time 6.16 9 . 50 10. 50 H.16 12.44 13. 39 12 .50 13.00 12.89 12. 55 
Two times 4. 83 6.59 7. 33 9 .50 9.11 10. 33 12 .so 10 .05 10.39 10 .00 
Three times 7 .03 10 . 11 11. 55 15. 83 11. 83 13 .66 11. 66 13.61 13. 33 13 . 16 
Four times 6 . 75 8. 33 9.05 9.94 12. 00 11. 77 10. 72 9 . 22 10 . 83 11.05 
Five times 5. 33 6.76 7 .44 9. 22 10.33 10.50 7 .61 9.05 10.44 10 . 27 
A different sample was used in making viscosity tests each day 
fer a period of ten days, beginning the day the mixture was proc-
essed. All samples 'vV'ere kept at a temperature of 3 degrees centi-
grade. A graduated pipette was used for making the tests. Each 
sample was uniformly agitated prior to making each test. The 
results of the tests are shown in Tables 2, 3, and 4; and in figures 4, 
5, and 6. 
Emulsifying the mixtures one time increased the viscosity 
when compared to the unprocessed sample. Reemulsifying the 
mixtures two, three, four, and five times gave varied results as 
indicated in Table 2 and figure 1 (page 16). 
Tables 3 and 4 and figures 2 and 3 show that homogenization 
and viscolization increases the viscosity of the mixtures. 
TABLE 3.-TIME V Iscosr'l'Y oF MIX'l'UR!t PROCESSED WITH VrscoLIZER 
Hours aged Initial 24 48 72 96 120 144 168 192 216 
7 hours 
--- - -- - - ------
Unprocessed 5.00 5.27 6.16 7 .50 7 .50 7 .83 8 . 22 8.50 9 .11 9 . 16 
500 Lbs. 5 .05 5. 83 7.05 8 . 77 8. 33 8. 33 9.00 9 . 39 10.00 IO.II 
1000 " 5.05 5 .66 8 . 83 9 . 77 9:00 9.16 9.83 10.27 10.66 10.83 
1500 " 5 .89 7 .16 9. 33 9.44 9.44 9.55 10. 55 10.94 11.29 11. 77 
2000 " 6.44 8.66 9.89 l 1.11 11. 33 10.83 11.44 12.00 12.50 13 .00 
2500 " 7. 33 9.50 10.66 12. 27 11.66 11.83 11. 38 11. 83 13. 33 13.94 
3000 " 8.44 11.27 11. 61 13. 77 13. 33 13. 72 14. 00 14.50 15 .83 15 .94 
3500 " 10 . 94 12. 66 12.94 15. 33 14 . 11 14.00 14 .61 15 .. 66 16.94 18 .05 
4000 " 11. 66 14.00 18. 61 20.55 18 .33 16. 66 17.61 18 .44 21.05 22.00 
4520 " 11. 89 17. 83 33. 33 33. 33 27 .16 26 . 72 27 .61 30.27 34.77 35 .00 
5000 " 14. 66 24.16 40.55 44 . 16 33 .55 30 .00 28 .33 33.55 36.94 39 . 77 
Batches homogenized at pressures of 4000 and 3000 pounds on 
the first and second gauges respectively or at lower pressures were 
less viscous than batches viscolized at 4000 pounds pressure or less. 
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Batches homogenized at higher pressures were more viscous than 
batches viscolized at the same pressures. 
TABLE 4.-TIME VISCOSITY OF MIXTURE PROCES SilD WITH HOMOGENIZER 
Hours aged Initial 24 48 n 96 120 IH 168 196 216 
7 hours 
------
------------
Unprocessed 5.00 5 . 22 6.16 7 .so 7 .50 7 .81 8. 21 8 .50 9.10 9.16 
1000-000 Lbs. 5 .41 6.00 7 .00 s .33 7. 83 7 .66 8 . 38 5 . 85 10.00 IO. 33 
1500-500 " 5. 71 6. 71 8 . 88 8.66 8. 33 8. 33 9.00 9.50 10.00 IO . 33 
2000-IOOO" 6.50 7 .43 10 .50 IO . DO 8.66 9.16 9 .43 10. ,10 10.93 10. 93 
2SOO-I500,, 7.00 8. 33 9 .10 9.93 9.10 9 . 33 9. 71 IO.SO 10 .83 l I.05 
3000-2000" 6.60 9 .00 10. 83 10.66 10.21 10.16 10 . 16 10. 16 11.50 12.05 
3500-2500" 9. 33 9 .93 IO. 83 12. 26 13. 34 11.13 11.10 I l.66 12.50 12 .67 
4000-3000 " 11.00 11 . 33 16 . 66 15. 83 16. 55 14 .38 13 .50 13 .43 16.66 16 . 76 
4500-3500,, 11.66 15 .10 34. 76 38.60 33 .OS 30.34 28 . 55 30.55 35.38 36.16 
S000-4000" 16.66 21. IO so. 55 S7 . 33 38.05 33 .55 32. 16 3-! . 26 40.00 41. 93 
Aging all samples from 48 to !JG hours increased .their viscosity. 
The maximum viscosity of the samples processed at -l::>OO-:l500 and. 
5000-4000 pounds pressure as registered on the first and second 
gauges of the homogenizer, ancl viscolized at 4500 and 5000 pounds 
was reached between 48 and. 9G hours. Almost all mixtures proc-
essed at pressures lo\ver than 4500 and 5000 pounds reached their 
maximum viscosity at 216 hours. In almost all cases there was an 
increase up to 72 hours. After that there was a decrease for a 
period of about two days in most cases; then the viscosity increased. 
THE EFFECT OF PROCESSING AND AGING ON 
SURF ACE TENSION 
The samples used in making the viscosity tests were also used 
for surface tension tests. All determinations were made with a 
Du N ouy surface tension appara tns. The results of the determina-
tions are shown by Tables 5 to 7 inclusive and by figures 7 and 8. 
Figure 7 represents the results of the tests made the same clay 
the mixtures were processed. It shows that homogenization and 
viscolization increased the surface tension, while emulsification 
resulted in no change. There was some variat ion from clay to day 
yet a close study of the tables show the same general trend as is 
indicated by figure 7 (page 22) . . 
Figure 8 represents the effect of aging on samples processed 
one time with the emulsifier, at 3000 pounds with the viscolizer, and 
at 3000-2000 pounds with the first and second valves of the homog-
enizer. The data show irregular results. 
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TABLE 5.-SURFACE TENSION* OF MIXTURE PROCESSI\D WITH EMUl,SIF!ER 
Hours aged Initlal u 48 72 96 lH 192 216 
7 hours 
--------------------- ----
nprocessed 
ne time 
wo times 
hree times 
u 
0 
T 
T 
F 
F 
our times 
ive times 
49.7 48. 3 48.3 
49. 7 48. 3 48.3 
49. 7 49.0 48. 3 
49. 7 49.0 48 .3 
49. 7 49.0 48.3 
49. 7 49.0 48.3 
*All Surface tension determinations expressed in dynes. 
48.3 48. 3 48.3 49.0 49.0 
48.1 48.3 47.9 49.0 49.0 
48. 3 48.3 48.3 49.0 49.0 
48. 3 48.3 48.3 49.0 49.0 
48 .3 48. 3 48.3 49.0 49.0 
48 .3 48.3 48. 3 49.0 49 .0 
TABLE 6.-SuRFACE TENSION oF Mrx1'URE PRornss1m W1TH Vrscor.rzF.R 
Hours aged 48 72 
---- -----
u nprocessed 50.4 50.4 
500 Lbs. 51. 8 50.4 
1000 " 52.5 51. 8 
1500 " 5 l. 8 52. 5 
2000 " 52.5 51.8 
2500 " 51. 8 53.2 
3000 " 53. 2 53.2 
3500 " 53. 2 53 . 2 
4000 " 53 .9 53.9 
4500 " 54.6 54.6 
5 .000 " 5 . 6 .0 54 . 6 
96 120 
----- ----
50.4 49.7 
50.4 51. 1 
51. 1 5 l. 8 
51. 8 53. 2 
51. 8 53 . 2 
53. 2 53 . 9 
53. 9 54.6 
53 . 9 54.6 
54 . 2 54.6 
54.6 54.6 
56.0 55. 3 
168 
---
49. 7 
50.4 
51.1 
51. 8 
51. 8 
51. 8 
52.5 
53.2 
54.6 
55.3 
55.3 
192 
----
53. 9 
54.6 
55. 3 
55. 3 
55. 3 
55. 3 
56.0 
56.0 
56.7 
57 . 4 
58 . 8 
216 
52. 5 
53. 2 
53. 9 
54.6 
55 .3 
56.0 
56.7 
57.4 
58. ! 
58.8 
59. 5 
TABLE 7.-SURFACF. Ti,;NSION OF MIXTURE PROCESSED WITH THE HOMOGENI ZER 
Hours aged 48 72 96 120 168 192 216 
- ----------- ---
Unprocssed 50.0 50.4 49.7 50.4 49. 7 53.9 52 .5 
1000- 000 Lbs. 51. 8 51.8 so.+ 5L4 49 . 7 5+.6 53.2 
1500- 500 ,, 51. 8 51. 8 51. 1 51. 8 51. 8 55. 3 5-t.6 
2000-1000 ,, 52 .5 51.8 51. 8 53. 2 51. 8 55. 3 5-t.6 
2500-1500 ,, 53. 2 53 .9 52. 7 53. 2 51. 5 5+.6 5+.6 
3000-2000 " 53. 2 53.9 53. 9 5+. l 53.2 s+.6 55 . 3 
3500-2500 " 54.6 55 .3 53. 2 53. 9 53. 9 56.0 56.0 
4000-3000 " 54.6 54.6 53 . 2 55. 3 55. 3 58 .1 57 .+ 
4500-3500 " 56.0 55. 3 56 . 3 63 .0 56.7 59 .5 58. l 
5000-4000 " 55.3 56 .0 56.0 63.0 56. 3 59 .5 59.5 
THE EFFECT OF PROCESSING ON THE ST ABILITY OF 
ICE CREAM AT SUMMER TEMPERATURES 
The method of determining the effect of processing on the sta-
bility of ice cream at summer temperatures is shown by Reid.11 The 
samples were placed on paraffined standards, weighed, and photo-
graphed. After each hour, for a period of three hours, they were 
again weighed and photographed. Each series comprising the 
emulsified, the viscolized, and the homogenized were treated alike. 
The emulsified group decreased in weight less when exposed 
to summer temperatures than the homogenized and viscolized 
groups. The unprocessed sample in each series decreased less than 
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the processed samples. The difference in the loss of samples hom-
ogenized or viscolized at one thousand pounds pressure or at higher 
pressures was negligible. 
The results of the tests are shown by photographs in figures 
9 to 11 inclusive and by tables 8 to 10 inclusive. 
TABI.E 8.-THE EFn:cT oF EMu1,srrrcATION ON THE STABH,rtv oF In: CREAM 
WHEN HELD AT 30 DEGREF.S CEN'l'TGRADF. 
Originail Loss in grams after melting Loss in percent 
weight 1 hr. 2 hrs. 3 hrs. total 1 hr. 2 hrs. 3 hrs. total 
---------
--- ------ ------
LT nprocessed 635 221 211 97 529 3+.50 33. 22 15.27 83. 30 
One time 538 HI 176 100 417 26. 20 32. 71 18.62 77 .65 
Two times 498 168 163 211 417 33. 73 32. 89 17.26 83. 75 
Three times 485 153 178 83 414 31.34 36. 70 17 . 11 85. 36 
Four times 493 113 164 77 41+ 35.09 33. 26 15 .61 83 .97 
Five times 489 185 174 80 43 9 38. 03 28. 29 16.36 89.97 
TABI.E 9.-THE EFFECT OJ'" VrscoI.IZATlDN ON '!'HF. S'l'ABII.ITY OF lcE CRt\AM \VHF.N 
HnD AT 30 DEGREES CENTIGRADE 
Original Loss in grams ilfter melting Loss in percent 
weight 
of brick 1 hr. 2 hrs. 3 hrs. total 1 hr. 1 hrs. 3 hrs. total 
------- --- ----
-------------
Un processed 629 HO 253 116 509 22.54 40.09 18.67 81. 96 
500 Lbs. 5{3 115 214 98 428 21. 17 39.41 18.04 78. 98 
1000 " 538 153 205 101 45 9 28 .+3 38.10 18. 77 85. 31 
1500 ,, 525 204 213 85 498 38.09 40.57 16.37 94. 85 
2000 " 597 237 267 8.l 587 39.68 H.72 13 .90 98.32 
2500 " 566 236 248 73 557 +!.69 43.81 12 .89 98.59 
3000 ,, 590 224 263 95 580 37. 96 44.57 16.10 98 .30 
3500 .. 533 219 233 68 520 41.08 -13. 71 12. 75 87.43 
4000 ,, 656 235 294 12 641 35. 82 H.68 17 .07 97 .61 
4o00 ,, 593 221 258 106 555 37 .26 43. 50 17 .87 98 .48 
5000 ,, 6+1 227 208 119 6H 35.41 44.92 18. 56 98.90 
TABLE 10.-THE EFFEC'l' OF Ho.MOGENIZATION oN THE STABil,ITY oF Io' CREAM 
WHEN HELD AT 30 DEGREES CENTIGRAm: 
Unprocessed 
1000- 000 
1500- 500 
2 
2 
000-1000 
500-1500 
3000-2000 
3500-2500 
4 
4 
000-3000 
500.3500 
i;;onn_f()fl() 
Lbs. 
,, 
,, 
" 
" 
" 
" 
'· 
" 
Original 
weight 
of brick 
763 
606 
580 
564 
538 
541 
550 
580 
506 
~~4 
Loss in grams after melting 
1 hr. 2 hrs. 3 hrs. total 
---------- ---
209 3H 155 708 
211 357 104 572 
226 247 93 566 
216 251 91 558 
214 240 81 535 
197 251 95 533 
208 238 100 536 
214 uo 113 567 
223 251 110 584 
?11 ?4.? 119 ;1?. 
Los~ in percent 
1 hr 2 hrs. 3 hrs. total 
--- -
--- ------
27.39 45 .08 20.31 92. 79 
34.81 58. 90 17 .16 94.37 
38.96 42. 58 16.03 97 .58 
36.52 46.0°9 16.13 98,93 
39.82 44. 63 15 .05 99. 25 
3+ . 56 46. 39 17 .55 98.52 
37.81 43. 27 18 .18 97 .45 
36. 89 41. 37 19 .48 97 .58 
44.02 49 .60 21. 66 97. 98 
36. 13 41.43 20. 37 97. 94 
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THE EFFECT OF PROCESSING ON THE HARDNESS OF 
ICE CREAM 
The apparatus for making hardness determinations was de-
scribed by Reid. 11 The same procedure was followed in the per-
formance of these determinations. The ice cream was tempered at 
J 8 degrees centigrade for a period of five hours before making the 
tests. Six penetrations were made in each brick, two in each end, 
and two in the middle. The results are shown by Table 11. 
No marked difference in hardness was found as the result of 
processing with either the emulsifier, viscolizer, or the homogenizer. 
TABLE 11.-THI\ EFFECT OI' PROCESSING ON THr: HARDKESS OF THE Io: CREAM 
EMULSIFIED VISCOLIZED HOMOGENIZED 
Temper- Penetra - Temper.- Pc:nctra- Temper- Penetra-
ature ti on :iture tion ature ti on 
··------
Unprocessed -16°C 8 . 3* Li nprocessei -15°c 10. 7 Unproces sed -is·c 7 . 7 
One time -1 6°C 9.0 500 Lbs. -15.5°C 12 .4 1000- 000 Lbs. -1s.5°c 8 .5 
Two times -l6'C 8 .6 1000 ,, -17'C 15 .o 1500- 500 ,, -16'C 9 . 8 
Three times -15.5 'C 8. 3 1500 ,, -r6°C JO. I 2000-IOOU " -I6'C 9 .6 
Four ti mes -16' C 9.9 2000 ,, -I6'C 9.6 2500-1500 .. -16°c 9.f 
Five times -16°C 8. 3 2500 ,, -16°C IO. I 3000-lOUO " -16'C <J.O 
3000 " -16'C IO.! 3500-2500 " -16'C 9.0 
3500 ,, -16'C IO. I 4000-3000 ,, -16'C 8.6 
4000 " -I6'C 8. 7 +500-3500 " -I6'C 8. 3 
4500 " -16'C 10.0 5000-4000 " -16'C 8. 8 
5000 " -I6'C 8. 9 
*Penetratio ns expressed in millimeters. 
SCORING OF THE ICE CREAM 
Samples of the ice cream taken from each mixture were scored 
by several judges. 
The principal differences in the ice cream resulting from proc-
essing were: (1) a decrease in graininess and an increase in 
smoothness; (2) a decrease in coldness as detected by the feel in 
the mouth; (3) a doughy, rubbery, and close texture resulting from 
application of high pressures. 
The quality of the ice cream was improved by processing with 
the emulser. The ice cream made from the unprocessed mixture 
was grainy in texture and had an icy cold feel to the mouth as 
compared to the emulsified samples. The decrease in graininess 
was in direct relation to the increasing number of times that a 
mixture, from which the sample vvas frozen, was emulsified. That 
is, samples made from a mixture emulsified five times were 
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smoother than those made from a mixture emulsified only four 
times. The greatest improvement of body and texture \Vas noted 
between the unprocessed sample and the sample emulsified one 
time. The improvement brought about by each increase in the 
number of times emulsified was detectable but not marked. 
Homogenization ·with the two-stage machine at pressures of 
i\500 pounds on the first gauge and 2500 pounds on the second, gave 
the most desirable ice cream. At those pressures the body of the 
ice cream was smooth and velvety, and melted grad.ually in the 
mouth, offering the desirable resistance and giving a very desirable 
after-effect and taste. The samples processed at lower pressures 
\\""ere somewhat grainy, this condition becoming more noticeable as 
the pressures were decreased. They imparted a cold feel to the 
mouth when compared to the samples processed at the higher pres-
sures. At the lo,ver pressures the coldness and graininess was more 
pronounced. The samples homogenized at pressures exceeding 
2500-2500 pounds were close and doughy in texture and it re-
c1uired considerable effort to cause each to melt in the mouth. The 
resistance offered was very excessive and undesirable. The feel in 
the mouth was that of a warm ice cream. They appeared much like 
samples containing an excess of serum solids. The undesirable 
characteristics became more apparent with an increase of pressure. 
The viscolized samples were very similar to those \vhich had 
been homogenized, except that the most desirable ice cream was 
obtained from the mixture processed. at 3000 pounds pressure. 
Samples processed at higher pressures appeared close and doughy 
in texture, the doughiness becoming more pronounced as the pres-
sures were increased, as did also the resistance offered by the ice 
cream when eaten. At 4000 to 5000 poi,mds pressure the resistance 
was very excessive. The samples processed at pressures below 3000 
pound:s increased in graininess with a decrease of pressure. The 
body of all samples viscolized at the higher pressures was smooth. 
DISCUSSION OF DATA 
The effect of processing on the dispersion of fat is shown by 
figures 1 to 3 inclusive. Emulsifying a mixture one time resulted 
in a decrease in the size of the fat globules. Re-emulsification pro-
duced no appreciable change in the size. Clumping \Vas noticeable 
in the mixture emulsified four tinies but was not extensive. 
Homogenization and viscolization reduced the size of the globules 
and resulted in the formation of large clumps. 
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A part of the protein material "\vas adsorbed by the fat 
globules; i. e., it formed a thin film or covering around the outside 
of the individual globules. The remaining material was dispersed 
in a very finely divided state throughout the liquid phase. Thi.-
material increased the viscosity and lowered the suriace tension of 
the liquid phase, thus keeping the fat globules in emulsion. Proc-
essing with the homogenizer and the viscolizer decreased the size 
of the globules and resulted in an increase in their surface areas 
and an increase in the adsorption of the protein by them. This in-
creased adsorption of protein decreases the amount left in a fineiy 
divided state in the liquid phase and permits the globules to group 
together. The addition of serum solids decreases clumping by 
supplying the protein made deficient by the increased adsorption 
due to processing. 
Clumping does not cause all of the increase in viscosity, as 
the unprocessed mixtures were found to increase in viscosity dur-
ing aging. This increase could not be attributed to clumping, as 
no clumping was found in the unprocessed mixtures during the ten 
day period of aging. 
Emulsification brought about no change in surface tension. 
Homogenization and viscolization increased the surface tension, 
as is shown by figure 7. The increase in surface tension was due 
to the adsorption of. the protein out of the liquid phase by increasing 
the surface area of the fat globules. This correlates closely with 
the evidence shown by the photographs that the dispersion of fat 
was increased by processing. The emulsifier produced no change 
in surface tension because its effect on the fat was not sufficient 
to bring about an appreciable increase in the adsorption of the 
protein. 
Aging gave variable results in surface tension. The results of 
the tests on the emulsified series produced almost a straight line. 
The homogenized and viscolized series gave irregular results. The 
variations, however, were not wide and were within the same limits. 
A mean average of the three series would give straight lines follow-
ing almost the same path. 
Processing decreases the ability of the ice cream to stand up 
under summer temperatures when compared to ice cream made 
from the unprocessed mixtures. The ice cream made from the 
unprocessed mixtures was the most stable in every series. The 
emulsified series was more stable than the homogenized or the 
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viscolized series. Homogenizing or viscolizing a mixture at pres-
sures above one thousand pounds failed to decrease the stability 
of the ice cream more than homogenizing or viscolizing at one 
thousand pounds pressure. The increase in stability was due to the 
increased dispersion of the fat. 
Processing and the dispersion of the fat in the different mix-
tures had no appreciable effect on the hardness of the ice cream. 
The results from scoring the samples of ice cream frozen from 
differently processed mixtures indicate the effect of processing. In-
sufficient processing with pressures as in the emulsified samples, 
and in samples homogenized and viscolizecl at low pressures, gives 
a cold , grainy, and undesirable ice cream. Processing at too high 
pressures gi~es a doughy ice cream. The optimutn pressure will 
depend upon the composition of the mixture and on the machine 
used. The data shows that in a mixture containing ten per cent 
serum solids and ten per cent fat .the optimum pressure for the 
homogenizer and the viscolizer was 3300-2500 and, 3000 pouncls 
respectively. No definite rule can be given the ice cream maker 
for meeting all conditions. Processing also aids on· the freezing 
r:rocess by increasing the ease of producing a desirable overrun. 
When the mixtures processed at different pressures were 
frozen it was found that increasing the pressure increased the ease 
·with which air could be incorporated. The increased ease of in-
corporating air in the mixture during the freezing period was due to 
the increased efficiency of fat as a stabilizing agent. The dis-
persion of the fat resulted in a greater and more uniform distribu-
tion of the fat throughout the mixture. This causes the fat to be 
more widely dispersed in the walls of the air cells, thus giving them 
more strength; and also, reduces the size of the air cells by per-
mitting a larger number to be formed. The smaller air cells would 
be more stable than the larger air cells and would add stability to 
the ice cream. 
The scoring data show that processing increased the smooth-
ness of the ice cream. Increasing the surface area of the ind'ividual 
globules by a thorough dispersion of the fat may have increased the 
efficiency of the fat in intercepting the growth of ice crystals, thus 
increasing smoothness; it may have increased the breaking down of 
the walls of the air cells by strengthening them; or it may have 
permitted the formation of more air cells. The presence o'f more 
air cells in the same area will result in smaller cells. The walls of 
the smaller cells will remain intact during the hardening process 
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more effectively than the \valls of larger cells. The broken 
\\·alls of the air cells may give graininess. The smaller air 
cells will more uniformly divide the water in the ice cream, thus 
resulting in smaller ice crystals. 
SUMMARY AND CONCLUSIONS 
1. Processing increased the viscosity of the ice cream mixture 
by increasing the surface area of the fat in the mixture and by 
causing clumping of the fat globules. 
2. The increased area O'f the fat in the ice cream mixture was 
clue to the increase in the numbers of individual globules and to 
the decrease in their size. 
:3 . The clumping of the fat globules was due to the adsorption 
of the protein out of the liquid phase which is a result of the de-
crease of the s.ize of the fat globules; thus permitting the fat to 
group together. 
4. Processing increased the surface tension of the mixtures by 
decreasing the size O'f the fat globules; thus resulting in an in-
creased adsorption of the protein material. 
5. Processing decreased the stability of the ice cream when 
exposed to summer temperature. 
G. Processing increased the smoothness of the ice cream by 
increasing the dispersion of the fat in the mixture. 
7. Processing helped to control the freezing process through 
increasing the ease of incorporating air and by increasing the 
!'tability of the ice cream; thus retaining the air. 
8. Processing had no effect on the hard.ness of the ice cream. 
9. The pressure applied in processing an ice cream mixture 
1s dependent upon the ingredients used and upon the amount of 
each required, especially those ingredients furnishing fat and serum 
S()Jids. This fact reflects itself in the freezing process. 
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Emul5ed two tf mes 
Fig. 1.-The Effect of Emulsification on the Dispersion of Fat. 
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Fig. 2.-The Effect of Viscolization on the Dispersion of Fat. 
18 MISSOURI A GR. ExP. STA. R ESEARCH BULLETIN 91 
Pounds · 
' 5000 .-4000 
Po~od$ 
Pounds 
Fig. 3.- The Effect of H omogenization on the Dispersion of Fat. 
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Fig. 4.-The Effect of Emulsification and Aging on the Viscosity of an 
Ice Cream Mixture 
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. UOlTQS ~r'-.l="T"\ Fig. 5.- The Effect of Viscolization and Aging on the V iscosity of an 
Ice Cream Mixture. 
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F ig. 6.- The Effect of Homogenization and Aging on the V iscosity o f an 
Ice Cream :Mixture. 
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Fig. 7.- The Effect of Processing on the Surface Tension of an 
Ice Cream Mixture. 
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Fig. 8.-The Effect of Aging on the Surface Tension of an Ice Cream Mixture. 
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Fig. 9.-The Effect of Emulsification on the Stability of Ice Cream When Held 
at 30 Degrees Centigrade. 
Fig. 10.-The Effect of Viscolization on the Stability of Ice Cream When Held 
at 30 Degrees Centigrade. 
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Fig. 11.-The Effect of Homogenization on the Stability of Ice Cream When 
Held at 30 Degrees Centigrade. 
